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BACKGROUND OF THE INVENTION

The present invention generally relates to

apparatus, systems and methods for processing and

i

- itreating biological fluids;, such as blood and blood
‘gcomponents. More partlcularly, the preSent invention

5 relates to 1mproved apparatus, systems and methods for

~ the llght treatment ‘of a biological fluid that contains

a llght activated photochemlcal agent for the purpose of
1nact1vat1ng pathogens that - may  be 'present “in such

' blologlcal fluld. o ‘ '
,10,:5?' Apparatus, methods: and systems'{fo’ treatlng

e

'jblologlcal flu1ds,<such as - blood -and:- blood: components,

Agjw1th light are well known.; For example U.S. Patent No.
4, 952 812, 1ncorporated.by reference hereln dlscloses an
apparatus forhtreat1ng unwanted whlte blood cells in

15 platelet concentrate w1th ultrav1olet radlatlon to limit

the white cells’ ab111ty to trlgger an immune reactlon in

-

a patlent To treat contalners of platelet concentrate,

the contalners are placed on a- slldable drawer that 1s

1ntroduced 1nto a hous1ng between facing array of lamps

20 ‘for 1rrad1atlon from both s1des of the contalner.‘ During

irradiation,wthe drawer (or a portionuof'the drawer) _may

L , . be plvoted in a rocklng motion to agitate the platelet
‘ | concentrate. . '_

'U.S. Patent No. 5,557,098, also incorporated. By'

25 reference herein, dlscloses a system and apparatus for

treatlng a blologlcal fluid with, light for the purpose of -

inactivating pathogens that may be present .1n the
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biological fluid. A slidable drawer is used to position

the containers of biological fluid between facing arrays

of 1light emitting diodes. Extended",flaps on the
containers, located outside the 1light field, are

automatlcally punched to indicate different stages of the

llght treatment.

:“"““U -S% - Patent . Appllcatlon Ser1al No. 08/121 820,

flled September 15, 1993, which " 1s also 1ncorporated by
reference hereln, dlscloses apparatus and methods for

treatlng a. contalner of a blood product between two "

facing arrays of,llght. The container includes a light

sensitive tape which changes color when expoSed to-

ultrav1olet light, thereby 1nd1cat1ng when the treatment
process is complete. ' ‘

‘ Stlllg ‘other apparatus and systems for treatlng
biologica1> fluld are dlsclosed in U.s. Patent- No.

5 709 991, and U S. Patent 'Application Serlal No;

09/081 168 L flled May ' 18, '1998’f“potﬁw~og’xWhich are
1ncorporated by reference ‘herein. Lo ERTREIN

Whlle the prlor art apparatus, systems and methods
have generally worked satlsfactorlly, work continues to

develop ‘new and 1mproved apparatus—usystems -and methods
that prov1de, for example, 1mproved rellablllty, greater

'flex1b111ty and eff1c1ency, 1mproved ‘ease of use and
serviceability, as well as enhanced tracking, record’

keeplng and the 11ke.

SUMMARY OF THE . INVENTION

In one aspect the present invention 1s embodled in

a disposable proce551ng set for treatlng a blologlcal
fluid that 1ncludes a- flrst portion including a contalner
for contalnlng the’ blologlcal fluid during treatment
second ‘portion- 1nclud1ng a contalner for rece1v1ng the
blologlcal fluid after treatment and tubing connecting
the contalners and,.deflnlng3 an openable_ flow. path
therebetween. The processing set includes a holder for
temporarlly holdlng the second portlon separate from the
first portion.
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In another aspect, the present invention is embodied

in a method for providing a substantially pathogen-free
biological fluid that includes providing a biological
fluid in a collection container wherein the collection
containér includes a length of tubing extending

therefrOm. The tubing 1nc1udes a. sealed end and defines
" an openable -flow_path between the collectlon container

A - R

and the sealed end. The method further '1ncludeS“*

providing a dlsposable fluid process1ng set compr1s1ng at
least a first contalner lntegrally connected to a second
container and a length, of tubing extendlng from the
second container, whereln the tubing includes a sealed

-end and an openable flow path between the flrst container

and the sealed end.~.

. The method further 1ncludes jOlnlng the collectlon
contalner tublng and the flrst contalner tublng in a
sterile manner and establishing _fluld communlcatlon

between the collection container and the flrst contalner.

The b;ologlcal fluld is then transferred from the7
. collection ~.container to the first contalner.. A

:photochemlcal agent is also comblned with the blologlcal

fluld.' "The method 1nc1udes prov1d1ng a llght source
capable of prov1d1ng a light suff1c1ent to actlvate the

: photochemlcal agent and treatlng the blologlcal fluid in

the flrst contalner by contactlng the blologlcal fluid
w1th llght from the llght source. 'The.status .of the

‘treatment of the“ fluld 1n the first“”container is
‘1ndlcated on - the second contalner to whlch the blologlcal

AR

‘fluld is afterward transferred.r

ERIEf DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspectlve view of an apparatus for
treatlng a blologlcal fluid w1th light, embodylng the

present’ 1nvent10n,

FIG 2 is a perspectlve view of the apparatus of'

AFIG 1 show1ng the modular components .of the apparatus'

separated'_
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FIG. 3 is a perspective view of the apparatus of
FIG. 1 with the front access door open;

FIG. 4 is a perspective view of the apparatus of
FIG. 1 with front, top and side panels removed;

VFIG 5 is a partially exploded view of the apparatus
of FIG. 1;. , , '

-~-FIG.-6 is a perspectlve v1ew of a llght drawer with

socket panel open; T o
FIG. 6A is an exploded view of the’light drawer of
FIG. 6. B | '

FIG. 7 is a perspective view of a fluid container
carrying tray; ’

'FIG. 8 | is a perspective view of fluid carrylng
drawer with tray removed-> ’

FIG. 8A is a partlal side v1ew of  the drawer t11t
knob and assembly of the fluid carrylng drawer;

Flg. 8B ° is a modified. partlal side view of the
drawer tilt knob - and assembly of the fluld carrylng
drawer, '

FIG. . 9 1is another perspective view, from the
unders1de, of the fluid carrylng drawer without fluld
contalner carrying- tray, : ) , :M

FIG.,lO is a front v1ew of the fluid carrylng drawer
with fluld carrying tray removed show1ng 51de to 51de
050111at10n of the tray,

_ FI1G: 11 1s a. perspectlve view of contalner marker
assembly; ' _
' FIG. 11A 1is another perspective ‘view,. from the
undérside, of the container marker assembly;,

FIG. 12 1is an enlarged perspéctive view of an.
individual ﬁarking unit'of the container marker assembly;

FIG. 13 is. a perspectlve view of stacked. apparatus -

.-embodylng the present 1nventlon,

FIG. 14 is a block dlagram of the control system of
the apparatus embodying the present 1nvent10n' ‘

FIG. 14A is avperspectlve-v1ew of a light sensing
device which may be used with the apparatus of FIG. 1;
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FIG. 15 'is a plan view of a disposable fluid
processing set embodying the present invention;

FIG. 16 is a plan view of another disposable fluid
processing set embodying the present invention;

FIG. 17 is a plan view of a disposable fluid

processing set 'embodying the present invention in

p051tlon for- attachment with contalners of a collectedi

blologlcal fluid;
. FIG. 18 is a perspectlve view of a part of the
dlsposable fluid proces51ng set embodylng the present

invention that includes at least one container disposed.

within a holder;

FIG. 18A . 1s a perspectlve view of an alternatlve

embodlment of the holder in a- closed pos1tlon w1th

contalners dlsposed thereln,

’ FIG 188 is a perspectlve v1ew of the holder of Flg.ﬂ

18A in an open p051tlon but w1thout contalner(s),

FIG. 18C ' is’ a g,perspectlve" ‘View™ of another
i : i

alternatlve embodlment of a holder in' An" open 'position;

FIG. VlgD is. .a aperspectlve view of another
Y

_alternatlve embodlment of a- holder w1th frame portlons_

separated iﬁf"fnfj“ f‘T?“ ?’H; R

T 1

FIG.,19 1s a flow chart show1ng the start up phase
of - the control system for the preéesent 1nventlon, ' '

FIG. 20A is. a flow chart showing the pretreatment

phase of" the control system for the present 1nventlon,

FIG. 20B is a continuation of the flow chart.of FIG.

20A; , ‘ - -
FIG. 21 is a flow chaft‘shdwiné_the'treatment‘phaSe

of the control system for the present5invention;

FIG. 22 is a flow chart showing the operator

1n1t1ated 1nstrument settlngs functlons -of the. control
’lsystem for the present 1nvent10n, and ‘

FIG. 23 . is a flow chart show1ng' the diagnhostic

functions of the .control. system for the " present

invention.
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DETAILED DESCRIPTION

For purposes of illustration, the various aspects of

the present invention will be described, in large part,

in connection with their preferred embodiments. However,
it should be recognized that the apparatus, systems and
methods_emboinng the differentlaspects of the present

invention- -are “Otf,li@i§¢§“,t° the specific details

descrlbed hereln.
An apparatus for treating a huologlcal fluid is
generally shown in Flgs. 1-14 and is referred to herein
generally as light box 10. Light box 10 may be used for
treating -a variety of materials for a variety of
purposes.» . ‘ o . ' '
nght box 10 is partlcularly useful in the treatment

of blologlcal fluids. As. used hereln, blologlcal flu1d>
,refers to any’ fluid that is found 1n or that may be
_,1ntroduced 1nto the body 1nclud1ng,lbut.not limited to,‘
blood and blood products. "As used herein "bloodlproduct"'
refers to whole blood or a component of whole blood such.
- as red blood cells, white blood cells, platelets, plasma

or a comblnatlon of one or more of such components that

PP

:have Been separated from ‘whole blood.o‘,hs,,

One spec1flc “non- llmltlng use of llght box 10 is in
the treatment of a blood product that has been combined

w1th a photochemlcal agentufor;actlvatlon when subjected
‘ to llght.g ; Such photochemlcal agents are used for
example, in the 1nact1vat10n of v1ruses, bacterla white.

blood cells and other contamlnants (collectlvely referred
to herein as\"pathogens") f In pathogen 1nact1vatlon
appllcatlons, the activated agent inactivates pathogens
that may be present in a blood Pproduct.

“ Typlcally, the’ blologlcal fluid to be treated is
introduced 1nto a fluld treatment chamber w1th1n llght

.. box 10 -in flexible, plastic, sterlllzable, translucent,

biologiCally‘compatible containers. ' In accordance with
aspects of the present invention, the containers may be
1ntegrally' .connected to other containers and- plastlc

' tubing useful in the process1ng of the blologlcal fluid
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both before and after the treatment provided by light box
10. Examples of the disposable processing set and its
components are shown in Figs. 15-18. The light box, the
disposable processing set and the methods of using them
are described in more detail below.

a.. Lith Box

As shown in F1g. ; llght box 10 1ncludes a housing~

12 defined by top panel 14, bottom‘panel 16, front. and
rear.panels 17, -and side'pane15118. Housing 12 is
supported by feet 13 attached to bottom panel 16 (Fig.
4) . In a preferred ‘embodiment, feet 13 are rubber or
other elastomerlc mounts. Side panels 18 may include
handles 22 for grasplng and transportlng llght box 10.
An openable or removable door 24 in side panel 18 allows
for access.toethe interior of 1light box 10 and, more
specifically, the electronic components of light box 10,
whlch are descrlbed in moreée detail below. Door 24 may be
opened or removed by turn1ng fasteners 25.‘1

. For: convenlence ‘ahd eff1c1ency, 1t is. preferred that

llght box 10 be. falrly compact.} In one, non- llmltlng'

i example 'llght box -10-may - be, approx1mately 100 cm w1de,

20-40 cm deep and between approx1mately 30-40 cm high.
A compact 1nstrument allows for’ example, for placement

of a greater number. of instruments per treatment center

and/or»may-allow two ‘or more 1nstruments to be stacked‘on

top of each other (as shown in Fig. 13y, resulting in.

greater throughput of blologlcal fluld per horlzontal

area or sSpace’ (1 e. bench space, shelf space) . _
Light box 10 may include a control module 26 ‘and a

fluld treatment module 28. - As descrlbed in more detall

below, control module 26 may. 1nclude and/or ‘house the '

command and control elements_nfor the treatment of
biological fluid; 'Fluid‘treatment'module 28 houses the
elements and components where- flu1d proces51ng takesﬁ
place. . . )

'Control‘mOdule 26 and fluid treatment module 28 may
be .contained .in the same housing:but_inta‘rmeferred'

oy A i o
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embodiment, as shown in Fig. 2, they are readily
separable modules. Control module 26 and fluid treatment
module 28 are electrically and physically connected when
light box 10 is in use, but may be separated as shown in
Fig. 2. In one embodiment, control module 26 and fluid

treatment module 28 are -held together, in part by draw»
‘pln 30 (Flg. 4) wh1ch holds together 1nterf1tt1ng

parts of the modules. ' Control module 26 —and " fluid’

treatment module 28 may- be separated by remov1ng'draw pin
30 and turnlng of fasteners» 31 shown -in Fig. 4.

Fasteners 31 may be accessed by remov1ng door 24 (shown
in Fig. 1) 1n side- panel 18.' of - course, other means. of

'connectlng and readlly separatlng control ~and fluid
treatment modules may be used 1nclud1ng, mating cllps
and slots on.-the. fa01ng panels of the control 26 andr
'fluld treatment module 28. .-

r

modules 26 and 28 allows for ea51er access to the control

and fluld treatment modules 26 and 28 and generally,,
' prov1des for ea51er serv1ceab111ty of llght box 10. For
example 1f off= s1te serv1ce 1s requlred for control,
module - 267 only,' that module can s be removed w1thoutw

'requlrlng removal and’ transport of the entire llght box

10. o A
As . shown in Figs. 1 and 2 the exterlor of control

’module 26 1ncludes a. control panel 32 located in the
-front of llght box 10. Control.panel '32° includes, a

dlsplay_screen 37 such as, but not limited to, an LCD
display for ° providing ,~graphical " textual -and
alphanumerlcal information to the operator regardlng the

. treatment process. Also 1ncluded w1th1n control panel 32
of control module 26- is a key pad 39 to. allow operator_

control over the process and/or for data entry by - the

operator. <Add1t10na1 means.of data entry are prov1ded by

bar code reader a1 whlch when not in ‘use, rests’ 1n slot
"43. A trough 45 may be prov1ded for the c01led cable of

bar code reader 41. .Control panel may also ‘include - the

on/off switch 35 for light box 10.

“ZV Prov1d1ng llght box 10 in two readlly separable“
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'he interior components of control module 26 are
genera\ly shown in Fig. 4. Control module 26 will
typical include a programmable microprocessor for
operation‘of light box 10 including central processing

unit 27 an memory devices such as random access memory

h(RAM) ‘and E] ‘OMS for the system program storage and: non-

for. back—up ‘data storage. Control module
26 may further include an 1solat1on“transformer 29 for-
convertlngvan AQ, input voltage tora DC control system.
voltage .and. for maintainlng leakage - current‘ within
acceptable‘limits £ médical devices. Other components
w1th1n control module\may 1nclude 1nput/output board 33
and a power 1nlet modu;e 34, flltered pass through 34a
for: use w1th an external 11ght 1nten51ty sen51ng dev1ce
and 1nput/output pass thro'gh 34Db.

~Control module 26 may be adapted for connectlon to
external components such as a prlnter 500 (Flg. 14)
through parallel and/or serlal ports 34C or to a central

computer 502 (Fig. 14) that is connected to several light

‘boxes and/or other medical. dev1ces. The central computer

ican recelve data from the several 1nstruments, allow1ng

the operator at ’a"treatment ..center: to,'retrleve
1nformatlon regardlng the several procedures. As w1ll be
appre01ated by . one of ordlnary Sklll control module 26

may also 1nclude other components such as addltlonal

-

-prlnted c1rcu1t boards shown 1n Flg.

'Turnlng now to the fluld treatment module 28, as.
shown in Flgs._l 3 flu1d treatment module 28 -includes
front door 36 whlch when opened ‘allows for 1ntroduct10n
and removal of the biological fluid into a fluiad
treatment chamber, as described in more detail below The
front panel 17 of fluid treatment module 28 may also be.
opened to allow for fuller .access to the 1nterlor of
fluld treatment module. As,shown in Flg. 3, pane1717 may
include faSteners 17a which, when ‘turned, allow front
panel 17 to be opened or removed. '

Flgs. 4-5" generally show the’ 1nterlor of fluid
treatment module 28 with at least top panel 14 and front
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panel 17 removed. As best seen in Fig. 5, fluid
treatment module 28 inciudes an interior framework 38

" that defines, in part, a fluid treatment chamber 40 and
light chambers 42 and 44 for housing light sources

5 (described in more detail below). The framework 38 may

typicaiiy'be constructed of any sturdy material which“

light boxes ‘as generally shown in Flg.‘i3. A preferred"’
material is alumlnum.and,‘ln particular, Alumlnum 6061

10 hardened to T-6. _' . _
‘Returning to .Fig. 5, the light chambers 42 and 44
are. loCated above and below fluid treatment chamber 40 to
prov1de two 51ded 1llum1natlon of the blologlcal fluid.
Of course, it w111 be appre01ated ‘that llght box 10 may

S il

B

15 include a single light. chamber placed in- close prox1m1ty
to fluld treatment chamber or two or more llght chambers
disposed around a f1u1d treatment chamber 1n other than
"top and bottom" p051tlons. B

As shown in Flgs. 3= 5, fluld treatment chamber 40 is
20 . adabted. to receive f1u1d. -carrying drawerA 50. . nght
b,chambers 42 -and 44 are adapted to receive light drawers

R Oy Ny

60 and. 70. Fluld treatment module 28 -may. further 1nclude

a contalner ‘marker assembly 74 shown for example,lln
Flg 5. Marker assembly 74 may carry-one or more markers
25 76a- 76d for ‘marking - contalners, befére and/or after
treatment as w1ll be discussed in more detail below.
Turning more spec1f1cally to a descrlptlon of'flurd
carrying draWer,SO, as shown in Fig. 13, fluid carrying
drawer ‘50 allows for introduCtion_Of biological fluid
30 @ into fluid treatment chamber 40. Fluid carrying drawer
50 may be moveable, "either manually'or automatically,

into and out of fluid treatment chamber.40.wAWheretmanual ;
‘movement of fluid carrying drawer 50 is required; drawer
40 may include handle 80. 1In one émbodiment, movement of
'35 fluid carrying drawer 50 is facilitated by slides 82 on
e1ther or both sides of drawer 50, whlch are dlsposed
within ralls 86 -of framework 38, as best seen in Figs. .8,
97 and 13. Alternatlyely, fluld carrylng drawer 50 may

oo .o N
Lo s |

Mot wropnie
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include rollers or other devices which allow for movement

of drawer 50 into and out of fluid treatment chamber 40.

For ease of loading and unloading containers of
biological fluid, fluid carrying drawer 50 preferably
includes a inot mount that permits the drawer to be
tllted downwardly when, fully w1thdrawn.,The ability to

B o L S o drawer 50 downwardly _may be partlcularly useful for

loadlng contalners of  fluid 'in the upper'llght boxes

where two or more light boxes are stacked on top of each

other, as shown in Fig. ‘13. In one embodiment,  fluid
carrying drawer 50 may be hingedly attached to framework.

38 so that when fluid carrylng drawer 50 is fully opened
and 1s outside of hou51ng 12, front edge of drawer ‘50 may

vbe tllted downwardly at, ;for example a 45° angle. . To o
allow tlltlng of fluld .carrying drawer 'llght box 10 may5‘

1nclude sprlng loaded tllt knob 83 which, when pulled
releases fluld carrylng drawer 50, and allows it to be
tllted 1n the manner descrlbed above. More spe01flcally,
as shown 1n Flg. 8A tldt knob 83 is connected to rod 82a

whlch 1s attached to sllde 82 (Flg. 9). The end of rod,,

82a-is coupled to prOt member 83a whlch 1s connected to

'frlng 83b attached to drawerﬁSO.y—Rod 82a further 1ncludes1‘,”
a. sprlng 82c and sprlng stops 82d When the end of rodan

* . 82a 1s coupled to prOt member 83a movement of rlng 83b~

is prevented (as shown 1n Flg. 8A) However,lwhen knobu57
83 is pulled (as shown in’ F1g '8B) rod 82a .is uncouplede“:
from prOt member 83a, allow1ng r1ng to rotate relatlve)

to plvot member 83a and thereby, allow1ng drawer 50 to

be tilted’ downwardly, as shown in Fig. 13. o
As. shown in Flgs. 8-9, flu1d carrylng drawer 50 is

. generally open and 1ncludes a central cav1ty 88 .to alloW‘
for placement of a contalner carrylng tray 90 shown 1n_
Fig. 7. Contalner carrying tray 90 may be integral with

fluld carrylng ‘drawer 50, although a removable non-

‘ 1ntegrated tray 90 may be preferable for easier contalner
‘loadlng and/or tray cleaning.

During treatment of the blOlogical'fluid; it may be
desirable that the fluid within fluid carrying drawer 50

- m
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be continuously or periodically agitated - to provide
mixing of the Dbiological fluid and ensure that
substantially all of the biological fluid is sufficiently
and uniformly exposed to light and/or any photochemical
agent. Accordingly, fluid carrying drawer 50 may be
attached to means for agitating the blologlcal fluid.

----- — As_shown_ 1n F1gs.p9 and 10, fluld carrylng drawer 50

may 1nclude an agltatlon assembly that for “exaniple, -
provides side-to side oscillation of tray 96; Agitation
assembly may‘include_a pair of fixed lower rails 95b that
extend front to back within light chamber. Upper rails
95a are attached to the lower rails'by pivotally attached
link arms 93a and 93b. The link'arms allow side-to-side
motion of the upper ralls 95a. rTo3provide oscillation,
-an electrlcal motor 92 is attached to lower rail 95b.
Motor 92 rotates a cam 97a. Cam 97a may be an L-shaped
crank or bracket attached to roller 97. ~Roller 57 is
captured between parallel walls 97b dependlng from upper
ra11 95a. As crank 97a causes roller 97 to orbit around
the motor 92 ax1s, roller slides fore and aft and up and
down between walls 97b, 1mpart1ng slde -to- 51de_motlon.of
nght box 10 may include one or more llght sources;.
preferably dlsposed above and below fluld treatment
chamber 50. For ease of serv1ceab111ty, such as lamp
replacement 1t is preferable that the llght source(s) be
readily: access1ble.'*As used hereln,,"readlly acces51ble"
means that access to the llght source can be.quickly and
easily had w1thout the usée of for example, a screwdrlver
or other tools. For example, in one embodlment it may
'be.desirable that the light source be either partially or -

completely removable<from‘the housing 12 and/or‘fluid‘

- treatment module: 28. - The 1light source(s) may be

accessible through any one of the front, 51de,'top or
bottom panels. In onelembodlment, the llght'sources are
-housed in'light'drawers 60 and 70. As shown in Flg 5;
when front panel 17 and/or door 36 are removed or opened,

light drawers may be moveable (or even completely'
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removable) into and out of fluid treatment module 28.
Light drawers 60 ahd 70 may include slides 99 (Fig. 6)
attached to the bottom surface of drawers 60 and 70.
Slides 99 rest and‘move on brackets 96 and slide mounting
blocks 98 of framework 38 as shown in Fig. 5. Light

drawers 60 and .70 may "also include handles 84 for

“grasplng durlng~1nsertlon and removal

‘As shown in Figs. 6, llght drawer 60 and/or 70 may”
be divided into two or more . chambers ,1Q1v.and 103
separated by dividing wall- 102.  Dividing wall 102
minimizes light from one'light‘chamber of radiating into
the other 1light chamber. This~ensures that the 1light
emitted from each. lamp or “lamp array and contactlng the
blologlcal fluid is substantlally constant. ‘In addltlon,
each of the lamp arrays w1th1n llght chambers 101 and
103, may. be - 1ndependently monitored and controlled from

control module 26. 'Thus, when one array of 1amps 1sy

“turned off the other array of lamps may remain, on. As

‘described in’ more detall below, this may be partlcularly

useful where two or- more contalners of biological fluld
requlrlng dlfferent levels l@f‘ tr¥eatment are 'beihg
treated. Tl .:Lf.,, S .' B )

_ Each of llght chambers 101. and 103 of 11ght drawer-;
60 or 70 is generally defined by four side walls 105 a-d

,and a bottom wall 107. Walls.: 105 a-=d and 107 ‘may be made

of or coated w1th a reflectlve materlal to maximize the

amount of light dellvered to. the blologlcal fluld. In

:one Specific- embodlment where the - llght source prov1des-

light in the ultrav1olet A (UVA) range, walls 105 a-d. and_'
107 may be made of. a hlghly reflectlve aluminum to

'prov1de substantlal reflectlon of " UVA 1light. ‘Such a

material is sold under the name 1500 G 2 and is avallable
from.  ALANOD of- Ennepetal Germany.

‘ The' light sources suitable. for use “in the present
inyéntlonsmay.lnclude any light source that 1s»capable of

.providing light of'a particular wavelength and intensity'
for treating a particular blologlcal fluld For example,
light. sources capable 'of prov1d1ng 'whlte llght red

R . ~ e . o
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light, infrared, ultraviolet A and/or B light may be
used. Light-drawers 60 and 70 may include a single lamp
or an array of multiple lampS‘lOO."In one embodiment;
light source may include standard fluorescent lamps or
bulbs capable of providing light of a wavelength in the

: UVX'(ﬁItrawiolet'A)'range.» Such lamps may be obtained

-from Sagyo._Denkai of . Japan under the product code BL352.

nght drawers - 60 and 70 further “include f&ns" 109 for”:

coollng lamps 100 and ‘more spec1f1cally, ends of lamps
100 at or near the lamp fllaments.d: ' ' |
As shown in Flg the ends of lamps 100 are

1nserted 1nto sockets 104 housed on socket panel 106.

Socket panel. may also serve as a-: prlnted 01rcu1t board.

Socket panel 106 - may be hlnged and openable to allow for

easy’ access to lamps 100, easy 1nsertlon and removal of_
‘ lamps 100 and in- general eas1er serv1ceab111ty of llght‘

drawers 60 and 70.!. c e

As shown 1n F1g ; a portlon of;fluld treatment_
chamber 40 and for that matter fluld.carrylng drawera

505 are separated from llght‘drawers 60 and 70 by glass

T

plates 110. AAs shown 1n Flg._ ,_upper giaSs plate 110

*

‘rests on, framework 38 and 1s, generally, held in place by‘:
clamps 112 ahd. 114. A. 1ower glass plate 110 separatlngf‘

a portlon of f1u1d carrylng drawer 50 from lower llght

drawer 70 may also be 1ncluded Glass plates ‘110 are‘
‘substantlally translucent to. llght of - the wavelengths'
used for the treatment of blologlcal fluld Preferably,:
~glass plates 110 may ‘also: fllter unwanted 11ght.
Alternatiyely, a separate fllter' may' be prov1ded for
placement between the 1light source .and the fluid

treatment chamber 40. In one‘specific embodiment where,

treatment‘ of a blologlcal fluid with _uva llght

des1red glass plate 110 may be substantlally translucent-h

to ultrav1olet 11ght w1th1n the range to 320 -400 nm, but
not translucent to llght of a wavelength of less’ than
about 320 - nm. Such glass plates are commer01ally

available’ from Schott Glass of Yonkers, NewlYork under

- the product des1gnatlon B- 270.
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As set forth above; fluid treatment module 28

further includes marker assembly 74. Marker assembly 74

may include one or more markers 76a-76d for marking
containers within fluid treatment chamber. One or more

5 markers 76 may be provided to mark contalners at
different stages of the treatment. Markers_76a-d_may be

L punches_ _for punchlng holes into a ‘portion of the

container such as the contalner flap as “deséribed in U: S“A—
Patent No.-5,557(098, which is 1ncorporated‘by.reference.

10 Altefnatively}- and .more' preferably, markers may be
stampers for stamplng de51gnated portions of a container
with ink. Such markers are commercially available from
Trodat of Wels, Austria_under the product name Printy.
4911. | | L |

15 - As shown~in Fig. 11, .marker assembly 74 may 1nclude'

e, e

SN

wil

i

a plurallty of markers 76 a-d for marking a plurality of

mnn
¥iney
il

K=

contalners during dlfferentv stages of the llght
treatment. Markers 76 asd may be attached to a bracketv

78 which includes a- sllde 114. - Slide 114 is suspended'

20 from- and movable w1th1n track 116 which 1s attached to
» the 1nterlor framework 38 of llght box 10 Thus the

entire assembly 741can -be.- w1thdrawn from fluid treatmentl‘

module 28 for relnklng, replacement of markers 76 or for
general serv1c1ng as shown in Flg.;:.gj,“yl,P:A

25 5 As shown 1n Flg. 12.jeach 1nd1v1dua1‘marker unlt
1nc1udes a marker drlve motor 120 that moves markers 76
up and down through gear 122 gear 124, lead screw ‘128,
lead nut 126 bracket 130 and sprlng 132.. Movement of
gears 122 and 124 actuates movement of- lead .screw 128 and

30 causes downward and/or upward movement of lead nut 126,
bracket 130 and consequently marker 76.

~ Fluid treatment module. 28. 1ncludes blower 134 whlch

prov1des air flow into fluid treatment chamber 40 and'
fluiad contalners. ahd thus, prov1des for temperature

35 control -of fluid treatment chamber .40 (Flg 5). Blower
134 receives amblent air through an openlng in bottom
‘wall 1ié located below blower .134.- In addltlon to
prov1d1ng air to fluld treatment chamber 50, air from
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blower 134 may also pass through opening 136 of fluid

treatment module 28 and a perforation or openlng 136a in

control module 26, as seen, for example in Figs. 2 and 4.

Returning to the fluid treatment module 28 and more

specifically fluid carrying drawer 50, as shown in Figs.

Tray 90, ‘showh in Flg. 7, may be- placed w1th1n the™ cav1ty~—

88 of the . fluid carrylng drawer 50 (Fig. 8). In

5 .and . 13, fluid carrying drawer 50 may. include a tray 20
. for holdlng one or more containers of blologlcal fluid.

one

embodlment - tray 90 may,Kbe‘ made of a molded "plas’tic

materlal, Where the biologiCal' fluid is treated from

two sides; 'thec molded plastlc material should

- sufficiently translucent to the llght provided by

be

the-
lamps 100. .. Sultable materlals for tray 90 1nclude ‘;
' acryllc polymers such’ as - polymethyl methacrylate (PMMA)

or members of the polyolefln famlly such as methylpentene

copolymer. Such materlals are avallable from many sources

1nclud1ng CYRO Industries of Rockaway, New Jersey under
'the product hame ACRYLITE® OP4 or from Mitsui - Plastlcs of

Whlte Plalns New York under the name TPX.

Where one or" more contalners are to be treated tray

90 may be~d1v1ded~1nto a. flrst portlon 180 and ‘a second

portion- 182 separated by d1v1d1ng wall 184.‘ As shown in

Flg. 7, tray 90 may 1nc1ude _retalnlng ‘tabs .186 -

for

pla01ng a slit or other aperture of a- blologlcal fluld

to hold at least the entire volume of biolodical fluid

contalned within the contalners so as to minimize

components of light box 10, eveén durlng agltatlon.‘
.Where -the biologiCal contalner is part‘ of

1ntegrated fluid process1ng lSet, tray 90 may

compartmentallzed to providé separate compartments

the coritainer underg01ng treatment on the ‘one-, hand

the -

contalner 206 over tab 186 to- 11m1t. movement ~of-
'contalner w1th1n tray '90° and ensure! that the’ contalner is
suhstantlally within the field ofyllght prov1ded by

the .

'1ight source. The volume bf tray 90 should be sufficient

the

‘risk that, in the event of. contalner leakage, llquld w1ll

overflow and contact the electrlcal and mechanlcal

an

be
for

‘and

el
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the remainder or a portion of the remainder of the

disposable processing set, on the other'hand. As shown

for example, in Fig. 7, first portion 180 and second

portion 182 each include a first compartment 188 -and

5 second compartment 190 separated by discontinuous wall

192. ' First compartment 188 may hold a container of
——~—--—~~~A.Mblologlcal fluld 296 and the second compartment may hold.
' the remaining componente‘of‘the fluid proceéssing set.- A
slot in the wall 192 accommodates the tubing that

10 connects . container 206 with the remainder ‘of the
disposable processing set. Tray 90 or second compartment

190 of'tray‘may further include container retaining tabs

or pegs 193 to assist in holding'the containers in the

second compartment in place and llmltlng movement of such
15 contalners within tray 90.
~ When the tray 90 with dispoeable processing set is

1ntroduced 1nto fluld treatment chamber 50, container 206 .

:; w1th1nu La flrst . compartment 188" ‘iSf_Rpositioned
. subStantially w1th1n‘the field of light provided by the
20 light source. The remainder of the disposable processing

set and/or contalners w1th1n a second compartment 190 are
allgned substantlally with: marker assembly 74 as_ shown in

Figs. 4 and 5. Thus, the status of the. treatment may- be

indicated on the other contalnersxpf the processing set
25 Within»the_second compartment 190=b§;markers 76 a-d.
Liyht 'box ©10 may include. sensors for detecting B

differen conditions during the “pretreatment .and

treatment rocess. The sensors relay signals to the
r of the light box 10 which is housed within

30 control modul

microproces
26. As shown for example ianig. 14,
sensors (e.q., 04, 430) send signals through the sensor
input/output boar¥ 170 which translates the signal into
a format that is unYerstandable by microprocessor 160.
The computer alerts e Operator, either by an audible
35 alarm or‘,a message omM\ the display screen 37. The

operator may, in response\to the alarm or message, take
‘action through keypad 39. A\ternatively, in response to

certain alarm conditions, th control system may be
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preprogramfed to automatically take action, such as a

terminate tr¢atment, if necessary.

For example, light box 10 may include internal light

intensity sensors 404 for measuring . the intensity of .

light provided by -the 1lamps 100 to fluid treatment

~ Chamber ' 50. Infdthe' event that the light intenSity
- —provided _ by _lamps 100 is insufficient for the desired.

treatment sensor 404 sends a signal- through 1nput/output"
board 170 (Fig. 14) to mlcroprocessor 160.as descrlbed'

above.

be located within the light chambers 10l:and'103 of light
drawers 60 and 70 (Flg.'6)' 'In'one~emb0diment light

In ohe embodiment, light intensity seénsors 404 may

drawer 60 and/or 70 1nc1ude a- llght 1ntens1ty sensor . -

subassembly 402 on the under51de of. drawer 60 and/or 70.°

As shown in Fig. 6a, subassembly 402 1ncludes two or more'

sensors 404 attached thereon and placed w1th1n sensori

windows 406 1ocated in the bottom wall 107 of" drawers 60ﬁ R

and/or 70. Sensoruw1ndows 406 allow llght fromvlamps 100

to pass through and contact sensors 404. Sensors'404'may

1nclude or be used w1th one ot more filters to fllter outl‘
unwanted 11ght;’~More spec1f1cally, where llght box 10 1sdv

used “to actlvate _ photochemlcal ‘agent 1t may be -
‘ des1rable that the fllters used *1n~ assoc1atlon w1th‘

sensors 404 have a max1mu‘f ens1t1v1ty 1n‘the wavelength

range that substantlally matches the wavelength range“

w1th1n which the partlcular photochemlcal agent s most_'

effectlvely actlvated (1 e., the "act;on curveﬂ). “This
allows sensor ‘404 to detect *the*'effectiveness of
photochemical .activation. . Such sensors are available

from. Texas Advanced Optoelectronics Solutions_Under‘the

- product code TSL230B. ... Filters ‘are ’available from a

.variety of sources suchgas’Schott»Technical_Glass of

Dhryea,'Pennsylvania.'

A fluid carrying drawer sensor 144 may be ihcluded

for monltorlng the p051t10n of fluid carrylng drawer
w1th1n fluid treatment chamber 40. Fluld carrylng drawver

p051t10n1ng sensor 144 ensures that the drawer 50 is in°
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a fully closed position and therefore, that containers of

biological fluid are substantially within the field of

light provided by lamps 100. If the drawer is not in a

fully closed position, sensor 144 sends a signal to the

microprocessor, alerting

treatment from proceeding

145 for either directly or 1nd1rectly' monitoring “and— -

measuring the temperature

40. ‘Téemperature sensor may be disposed within the fluid '

the operator and preventing

Light box 10 may further 1nclude temperature sensors

within fluid. treatment chamber

treatment‘chamber 40‘or,ias shown in Figs. 4 and 5, may

be disposed on the exteri

or of light box 10 to measure

-the ambient temperature of the outside env1ronment. For

example, ambient temperature»sensor 145 may be located

anywhere on. the surfacef
embodiment as shown min . Figs. 1 and 2, ambient
temperature sensor 145 is placed at or near control?
module 26. Ambient temperature sensor 145 prov1des an
1ndication, of the air temperature being delivered toi

fluid treatment chamber by blower 134. In the event that

the» temperature falls

out51de of . a“predetermined

’temperature range, -the -ambient temperature sensor sends

a signal to the microprocessor asngenerally described

above, which alerts thefoperatorwthat-the*temperature‘is%

Additional sensors may be - prov1ded 1ncluding afA

subassembly 74, as shown in Fig. ~11A, and measureS'

novement of the agitatiOn
One‘embodiment sensor 430

- approaching or'has exceeded its limit. -AcCordingly,’the‘
'operator and/or 1nstrument may take- further action.' ‘

'fsenSOr .for monitoring the agitation ‘provided by the
"agitation assembly. Sensor 430 may be ‘attached to marker

assembly described above. -In -
may .include an infrared source
~such as, but not limited to a light emitting diode- (LED)

or laser that contacts a. selected reflective portion of

‘the agitation assembly.

reflection "or " does not

predetermined frequency,f

i

“If sensor 430 does not  detect
‘detect reflection at the

“

it 51gnals the microprocessor

accordingly. C Lo uTw

of light box -10. In" one.
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Light box 10 may also include a sensor 440 to
detect whether the front door of the light box is closed
during treatment. Door sensor may be a magnetic switch
which detects contact between door 36 and magnetic plate

5 441 shown in Fig. 3. Also, plunger switch 36a (Fig. 4)
is pressed when door 36 is closed. If door 36 is open,
T e -plunger . switch 36a serves as an electrlcal cut off. 1If,
| the door is open, the systemv‘viii' not permit “the - -
. treatment to proceed. .

10 Light box 10 may also include sensors 450 for
determining ‘whether containers are in position for
markingtby markers 76. As shown in Fig. 11A, sensors 450
may bevattached to markers 76 and may include optical
‘receivers aligned with iight emitting diodes (LED) . (not

15 Shown) typically located below fluid carrying tray 90.

The labels - of c¢ontainers 'placed within the second

pee

compartment 190- .of . tray ‘90. prevent optlcal recelver 450

from. rece1v1ng the LED 51gna1 1nd1cat1ng the presence of

i

a container. Conversely,. 1f sensor't450 _receives the
: 20 signal, this indicates’ that no contalner is present and.
the marker w111 not be'actlvated.’} ‘In addition, each,

marker 76a-d may 1nclude ‘a m1crosw1tch (shown as 470 1n

%

1 S

F1g. 14) to detect whether movement .0f the marker has

occurred -and to prevent mechanlcal failure or damage the
25 parts that make up the marker. ‘

In addltlon,"ah portable and ‘attachable rlight<
intensity sensing, verification and.calibration device or
radiometer 460 may be provided to verify'light-intensity_
provided by light box 10 and for calibration of light box

30 10. Radiometer 460 may be adapted for placement within
fluid treatment chamber 40 for measurlng the energy dose
delivered to the biological fluid. = More specifically,
radiometer 460 may be adapted for placement within the
fluid container carrying tray 90. In one embodiment,

35 radiometer 460 may be adapted for placement within a
compartment of tray 90 such as first compartment 188 of
tray 90." '
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As shgwn in Fig. 14, radiometer 460 may include a
(Xy support 465
468. Suppor

aving a top surface 467 and a bottom surface

465 is typically a printed circuit board.

One or more sensors 469 are electrically and physically
5 connected to support 465. .

It 1s known that a -light source may not always

T »—unlformly_emlt light. For example, depending on the age

of the lamp, the 1nten51ty of light emitted from one part™

of the‘lamp may: not_be the same as the 1nten51ty emitted

10 from another partv of the lamp. ‘Accordingly, in a

preferred embodiment, as shown in Fig. 14A, radiometer

460 may include a plurality of sensors  spaced across the

top. ‘and/or bottom surface(s). to receive. light from

i

_ different points on one or more;lamps, "Also, sensors 469
15 'may'be_placed on one side ‘of sSupport 465, but pfeferably
are placed oﬁ‘both the'top surface 467 and the bottom
_sutface”468." Top and bottom placement of sensors 469 is

particularly .preferred where radiometer 460 is used to

‘ measure’lith ﬁrovided by two facing light sources, such
20 as in one of the embodiments of light box 10.

An

radiometer

lectrical: cord (not shown) is attached to
469”for‘electrical~qonnection to light box 10

and} for example, . port 461 (Fig. 5). . This allows
radlometer 4,0 to transmlt data to the computer -based
25 control system\ of llght box 10 *»which system provides
1nformat10n to Xhé operator and/or automatlcally ‘takes
action based on t‘e transmltted data. Radlometer 460 may
also include a sl 472 for placement over tab 186 in
tray 90 of light bo\10. ° S
30 Sensors 469 may typically be phbt?diedes capable of
detecting light of selected wavelengths. Sensors 469 may
also include of be used with filters to filter out
unwanted light as substantially described above.
When used in connection with 1light box 10, it is
35 preferred that the dimensions of radiometer 460 be
substantially equivalent to6 the dimensions of the fluid-
filled containers used with light box 10. Accordingly,

it is preferred that the light sensing area of radiometer
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- 460 have a height, a width and. a thickness substantially
equal to - such filled containers. 'AA radiometer with
dimensions substantially equal to the fluid-filled
container ‘provides a reliable approximation of the

5 energy belng delivered to the fluid and of the
effectlveness of the treatment. '

I As~set~forth above, radlometer 460 may be used for

light™ 1nten51ty verification by, for example,'fthe’"‘

‘operator’ and . for’ callbratlon of light box 10 generally
10 . and more,,spe01flcally, oftflnternal sensors 404. In
accordance with ‘the method of”using radiometer-460vfor
light intensity' verification, the operator may place
radlometer 460 1n first: compartment 188 of tray 90. Cord
may be pressed into straln rellef tabs ‘474 .within llght
15 box 10 (Flg.' '8). - The- fluld carrylng drawer 50 is’
1nserted 1nto fluld treatment chamber 40 and door ‘36 is
closed.‘ Lamps 100 are turned on .and the’ llght dellvered
is measured by sensors 469.  Specifically, - the llght
measured. by sensors 469 is vprocessed> ‘by ’the system:s_
20 mlcroprocessor to prov1de a readlng of the energy ‘being
prov1ded to the. fluld treatment chamber 40.° The operator.

dlmlnlshment in the lamp output by . comparlng ‘the readlng

to a. pre= -set acceptable energy dose range. In addltlon,’

‘25 " the readings. prov1ded by sensors 469 -are- also compared to

the readlngs prov1ded by sensors ‘404 ‘to: detect rany
dlmlnlshed sens1ng capablllty of sensors 404,"

Thus, for example if the energy dose ‘measured by

can . monltor the output of lampsﬂloo and determlne anyis

radiometer’ 460 1s substantlally equal to the ‘energy dose -

30" detected by sensors 404, but is outside the pre- -set dose
range thls may be an indication that the output ‘of lamps
100 has dlmlnlshed and ‘that lamps 100 may have to be
replaced.. Alternatlvely, if the energy dose as measured
by radlometer 460 is substantlally equal to the expected
35 pre -set dose of the instrument, but both are‘dlfferent
from the energy dose as measuréd by sensors 404, this.may
be an 1nd1cat10n that sensing capablllty of sensors 404

has dlmlnlshedﬂ Flnally, 1fAthe,dose.astmeasured by
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sensors 404 is substantially equal to the expected pre-
set dose, but different than.the energy dose as measured
by radiometer 460, this may indicate that the sensing
capability of radiometer 460 has diminished. Radiometer
5 _‘may also be used to calibrate light box 10. Radiometer
460 1tself may be calibrated agalnst a--standard (e.g. a
standard “from the -National . Instltute for Standards and

Technology or NIST) .
,.bf‘course, it will be appreciated that radiometer
10 460 may have utility . in other applications .and is not
limited to use'in the apparatus or methods of the present
invention. Indeed, radiometer 460 may. be used whenever

light is to be measured over an extended surface area.

The ¢ mponents of the: fluiad treatment ‘module 28

it o g 77
P

1nclud1ng the agitator assembly, the light sources, the

blower, the marker subassembly are powered by power.

i

i
i)

supplles a shoyn in Fig.” 14.. (In Fig. 14, the letter - n

u i

represents th 'number; oﬁ:‘electrlcal or mechanlcal‘
120 ‘components Such,a55Sensorsi lamps, ballasts etc.). For

example, aslpowe supplles (ballasts) 166 for powerlng'

lamps 100 through,
29. ' Shaker motor 9%
isolation transforme

-elay board and isolation transformerﬂ

Nt
iEad

is powered through relay board and
29.'~Additionalipower‘supply 168
25 supplies power for the\ blower 134, light drawer fans 101,
| and drive motors 120 f . markers 76a~-d and door lock'480.
Preferably, the powe ‘supply for powéring these
components may be apprdximately 24 volts: DC. ' ‘Power
supply 167 may supply 5, +12, -12 volts DC to, for
30 example, computer board 16{.
_ Finally, 1light box 10 includes a programmable
computer software-based control system to control the
operation of light‘bOX.‘ The control system is generally

and diagrammatically depicted in Figs. 19-23 and is

35 described in greater detail in connection with the
' description of the method of processing and treating a
bioclogical fluid which follows the description of the

disposable proceessing set provided below.
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<hold1ng Tthe " blologlcal_fluld durlng llght treatment. The

Disposable process1ng sets useful ‘with light box”lo
are shown in Figs. 15-18. Typically, the disposable
processing set will include two or more _plastiec
contalners 1ntegrally connected by plastlc tubing. At

1east one. of the contalners should ‘be.. sultable for

e e

'other contalner should ‘be sultable for storage ‘of the

sizes’ and<volumes mayqu”

blologlcal fluld after treatment As descrlbed in more
detail below, the dlsposable proce551ng set may be, ]01ned

with containers’ of blologlcal £1luid, -and: ‘the fluld may be

.transferred to contalners'of,the.dlsposable.proce551ng

-set.

one embodlment of a dlsposable fluld proces51ng set
200 is. shown “in Fig.~ 15.A . processing set 200 1ncludes a

contalner 202 -a contalner 206,ya‘conta1ner 210 and a’

\contalner 214.»1‘_The contalnersv may _be 1ntegrally

.1nterconnected w1th tublng segments Tas generally shown

and descrlbed 1n detall below. The 51zes and 1nternal*

lumes of“contalners 202,-206 210 and 214 may vary

;depgndingion theybiologlcal fluid belng processed.o In a

vnon—llmltlng ekample,.contalner 202 may be capable of;

holdlng approx1mate1y 15+ =30 ml of"- fluld contalners 206

and 210”approx1mately 1000 ml and contalner 214 betWeen‘

approx1mately .1000- 1500 mluxmgf course, other de51rableli

:used and are w1th1n the scope of

the present 1nvent on;ﬁ{

Wherewthe dlsposable proce551ng set 1s used in :or :as

3part of a pathogen 1nact1vat10n treatment contalner 202

. may 1nclude, for example, a photochemlcal agent whlch is

mlxed w1th the blologlcal fluld Examples of such

‘photochemlcal agents 1nclude psoralen compounds descrlbed; :

in U.S.  patent. No. | 709 991 and compounds from the .
'“famlly of phenoth1a21ne dyes such as but not llmlted to,f7

350

methylene blue. o Contalner 202 may be - made-vofA any

Vmaterlal sultable for holdlng such photochemlcal agents.

One such ,materlal vmay “be a blend of ethylene

polypropylenef polyamlde -and a block copolymer“of'
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ethylene and butylene with terminal blocks of
polystyrene; Containers’ made of such material are
available from Baxter Healthcare Corporation under the
name PL2411. Container 202 includes a tubing segment 203
extending therefrom and having a sealed end 204. A
second tubing 205 extending from container 202 is

1ntegra11y -connected. _to contalner 206. In another

.embodlment the photochemlcal agent may bé contained Br-

predisposed within container 206, thereby eliminating the
need for a separate container 202 for holding the
photochemical agent. In;etill another embodiment, the
pnotochemical agent may be combined with the biological
f;uid prior to joinder to the disposable processing set.
For example, the'photochemical agent may be ‘included in
a container 201 used to. 'h01d‘ the biological “fluid
collected from a donor (Fig. 17) ‘ -
Contalner 206 is preferably a container suitable
for holdlng the blologlcal fluid during light treatment.
Accordingly, it is desirable that coéntainer 206 be made
of a clear;t durable, thermoplastic material that is

Vtranslucent to 1light of the selected wavelength and
sterilizable. by known forms of - sterlllzatlon 1nclud1ngd

steam sterlllzatlon, gamma and electron beam radiation.
For example, where the : blood .product to . be treated
includes' blood platelets.. or blood . plasma and the
treatment is to bé with light in:thexUVA‘range}‘centainer
is made of a material that is substantially‘translucent
to UVA 1ight and remains stable after ‘sterilization.'
Such materials may include polyvinyl chloride,  but more -
preferably, may be blends of thermoplastic polymers and
copolymers, . including general purpose polymers,
elastomers and the like. One such material inclUdes_the
block copolymer described above which includes a central
block of ethyiene and butylene and terminal blecks of
polystyrene. Block copolymers of the type described
above are available from the Shell Chemical Company under
the name KRATON. The block copolymer may be blended with
other polymers such as ultra*low density polyethylene
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(ULDPE) and ethylene vinyl acetate (EVA). Containers
made of the blended material are available from Baxter
Healthcare Corporation of Deerfield, Illinois under the
name PL-2410. Other thermoplastic materials may also be
suitable for container 206, including materials including
KRATON 'EVA and polypropylene. -A container made from
such“material~is also available from Baxter Healthcare'

Corporation under the name PL- 732. Stlll other suitable -

materials for container 206. include fluoropolymers such

‘asi’polytetrafluoroethylene (PTFE), PFA or -copolymers

1nclud1ng such fluoropolymers. ‘
Container 206. further includes .a slit 207 which as
described above, may be: placed over‘retalnlng tab 186 in

tray 90.x Container'206'inc1udes'a*tubing segment 208

which may be 1ntegrally connected to a container 210.

-In .the pathogen 1nact1vatlon of . biologlcal fluid,
contalnerA 210 may, for example, 1nclude an adsorbent _
material 211 for: remov1ng excess photochemical agent or
the byproducts of- the. photoactlvation process.',-.The'
adsorbent material may be contalned 1n a seml—permeable

. pouch preferably raffixed to the container walls or

portions thereof w1th1n the 1nterior chamber of container
210. The interior chamber of container 210 has a volume
suff1c1ent to hold the -Piological fluid - from,container'
206;”.Such a container andktheiadsorbent material are.
disclosed in.more~detai1‘in copending patent application
entitled "Plastic ContainerSwHaving Inner Pouches and
Methods for Making Such Contalners" -which ‘is ‘being filed
51multaneously herewith in the names of Mahmood
Mohiuddin, George D. Cimino and Derek J. Hei, and is
incorporated by reference in its entirety. Materials
such as those used in the PL-2410 and PL-732 containers .
described above are suitable for use in containerlzio. '
‘Container 210 may also include a time-sensitive tape
209. Tape 209 changes color with time, thus informing
the operator if the biological fluid has contacted the
adsorbent material for a sufficient period of time.
Container 210 may be integrally connected by tubing
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segment 211 to0 another 'container Zi4 which may be
suitable for storage of the biological fluid. As shown -
in Fig. 15, the portion of tubing segment 211 - that
communicates with the interior 'of container 210 may
5 include a filter 21l1a to capture loose particles of
| adsorbent if any-. o
“’”““‘““*a-—-eonta1ner -214 may include and/or be capable of
rece1v1ng a label 216 which maymcarry~har'codes 222 or o e
other. zlndlc;a ‘which ‘prov;de 1nformat}on about - the
10 'blologlcal- fluid. For:fexample, bar- codes 222 may
identify the donor,'the-product; the iot number of the
biological fluid, . expiration date‘tand .the “like.
'Contalner 214 may 1nc1ude addltlonal bar codes or. 1nd1c1a
‘224 whlch are used to prov1de 1nformat10n regardlng the-
15 »status or progress of the fluld treatment (descrlbed 1n
more detail below) ' Contalner 214 may also 1nc1ude a :
Sllt 226 and/or apertures 228, .230 for placement over 'ﬁ

correspondlng pegs (193) on tray'90; ,Materialsvsuchfas

tEon

those described above are suitable for use in container
20 214)"Conta1ner 214 may "also ‘include: sampllng pouches

i,

e

214a and access ports 214b to. allow for. fluld access

of ordlnary Sklll. _
-In- an alternatlve,embodlment dlsposable proce551ng_

. 25 set may 1nc1ude au 51ngle contalner for hou51ng' the.

A -‘adsorbent mater1al of contalner 210" and for storlng the
blologlcal fluid,: thereby comblnlng the functlons of
contalner 210 and 214 descrlbed above.

The dlsposable process1ng set 200 descrlbed herein

may furthe 1nclude franglble members 230 (a-c) disposed

within tubikg segments as” shown in Flg. 15. 'Frangible
‘members 230 \are broken at the- appropriate,-time _to‘
establish’ fluid

the processing

COmmunication'between the containers of
et 200._‘Such frangible connectors are.
- in U.S. Patent No. 4,294,297 which is

.incorporated by reXerence herein. Tubing segments of

35 described in deta)
disposable"process1 set . 200 may further include

1nd1cators 234a and 23 on the tubing:to indicate.proper
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positioning \of the disposable processing set within the

tray 920 (as
to serve as

and sealed.

plastlc rings

ill be .described more detail below) and/or

ndicators of where tubing is to be severed

disposed

In one embodiment,

indicators 234 may be
around tubing segments. of

course, other tublng 1nd1cat1ng means may be used.;

shown 1n 'Fig.

o 240 also
photochemlcal agent

16.-.

In Fig.

"*—‘;—~—f—~Another embodlment of a fluld. proces51ng set is

16, dlsposable'process1ng set -

1ncludes a;‘contalner 242

"which . carries a

a- contalner 244 whlch, holds the .-

blologlcal fluid durlng llght treatment a contalner.246

whlch 1ncludes an adsorbent materlal for removing éxcess

photochemlcal

agent

and/or the.

byproducts- of - the

photoactlvatlon process, and a container 248 sultable for

storage of the blologlcal flu1d

Contalner 248 is

adapted to recelve label 249 with bar codes or other

1ndlcla and may 1nc1ude addltlonal indicia 251 1nclud1ng,

‘for’ example,

addltlonal bar codes

descrlbed above.

as substantlally

In contrast  to the contalner 210 of the earller

descrlbed embodlment

_contalner 246 is' a flow through.

dev1ce Wthh 1nclude5'adsorbent materlal 212 but does not~

1nc1ude a chamber for holdlng the blologlcal fluld for

any 51gn1f1cant perlod of tlme.

Such flow through

dev1ces are descrlbed in Internatlonal Publlcatlon No. WO

96/40857‘ which

is

1ncorporated by reference hereln.

Dlsposable proce551ng set 240 may further 1nclude an air

reserv01r 256 and air - 51nk 258.
to”

‘container 244 and air

prov1des,

air

help expel

Alr _reservo1r 256
"biological fluid . from

sink 258 receives excess air

expelled frOm»storage container 248 after processing.:

Air reservoir 256 and air sink -258 mayvbe,made of.anyﬂ

suitable blocompatlble mater1al

described above.:

leew1se,

including the»materials'

the containers of disposable

processing set 240 may also be made from the materlals

generally described above.

substantlally 1mpermeable to alr.

3

L e

Preferably,

conta1ner.256 is

i
. e
=
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As in the embodiment of Fig. 15, the containers of
disposable processing set 240 shown in Fig. 16 may be
integrally interconnected by tubing segménts 243, 245 and
247. Tubing segments may further include frangible
members 249 (a-c) for opening fluid communication between

the containers.
-~ -—--Disposable _processing set 200 (or 240) 1s typlcally

prov1ded to the user in a sealed package in a manner thatf‘
is easy for the user to unpack and use. For example, -
upon' openlng the package, it is preferred: that the
container to be used first in the fluid processing be’
located near the top of the package. For example, in the

proce551ng set 200 shown J_n Figure 15, container 202

- would be located near the top of the package, followed by

contalner 206, followed by . the remalnder of ‘'the
dlsposable process1ng set that 1nc1udes contalners 210
and 214; JIn i addltlon . 1f dlsposable process1ng set
1ncludes’conta1ner 202 (or 242 in the embodlment of Fig.
16) at least such contalner should include a separate and
additional llght 1mpermeable overwrap to protect the‘
contents (i e. the photochemlcal agent) from exposure to
llght which could result in. premature activation of the
photochemlcal agent. In one embodiment, " the llght
impermeable overwrap may be permanently sealed to the
outer walls of container. 202.

In a preferred embodlment containers 210 and 214
may be contained w1th1n or held together by a holder. -
Holder may be any dev1ce such as a clamp that holds -
together containers 210 and 214. The holder may be
integral with the disposable processing set or may be
provided separately. -

More preferably, holder 260, shown in Figs. 17-18,

-may be a receptacle or other shell-like holding device.

In one embodiment, holder 260 may include a bottom wall
262 which separates the containers 210 and 214 from
container 206. In a preferred embodiment, holder 260 may
have sidewalls 262 and 264, a back wall 268 and includes
a substantially open front portion as shown in Figs. 17-
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18. In addition, bottom wall 262 may include a slot 263
to accommodate tubing that .connects c¢ontainers of
disposable processing set 200. Holder 260 may also
include additional side openings 265 (shown, for example,
in Fig 17) for holdlng tubing segments of ‘container 202

prior ‘to unpackaglng of the- dlsposable .processing set

‘Holder 260- may be- madelof any sultable materlal such as

but not 1limited. to plastlc or cardboard. Preferably,"‘

holder 260 is made of a moldable plastlc materlal that
may be sterlllzable and impact resistant.

Alternatlve embodlments of holder-260,are shown - in
Figs. 18A-18D. As shown 1n Flgs. 18A-18C, ‘holder may
1nclude two ‘frame or partlal frame portlons 600. and 602.
Frame portlons .600" and 602 may be - jOlned and 1nclude
hlnge 604 ‘as shown in Fig. 18B" and 18cC.. Alternat1vely,~
frane members 600 and 602 may be completely separable as
shown in Flg. 18D.; Frame portlons 600 and 602 1nclude,
means for securlng together the frame portlons such as
matlng slots 605 and pins or lugs 606 as shown. Holder
260 shown in Flgs.‘18A 18D 1ncludes a central openlng 608
to_ allow the label of a’ container placed w1th1n holder
260 to bekerosed to the outs1de env1ronment to - allow
scannlng by,: for example,' a bar code reader and/or
marklng by:markers 76 as descrlbed below.ﬁ;f ;' ‘

" In’ one embodlment contalner 210 1s'placed in. the
front portlon of holder 260 such that a label. to be
applled to the contalner 210 and other 1nd1c1a on the
contalner 1tse1f are exposed to the out51de env1ronmentf
through the open portlon of’ holder 260 as shown in F1g.,
17.A,For purposes of illustration, in Flgs. 17-18, label
is“shown”as7appliedvto,COntainer 2i4. In one embodiment

“‘container 214 may not'include'label at'the‘time of use

and ‘a label may be transferred to container 214 from a
container of blologlcal fluld Alternatlvely,'contalner

214 may include a: label and an addltlonal label'may.be
transferred from a container of blologlcal fluld. . In any
event contalner 214 may be . folded in half (or"tri¥'
folded) with container 210 (also folded) placed behind
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container 214. In addition, folded container 214 may be

lightly spot welded at its ends to keep the container
folded. and improve handleability of_the_container. The
weld should be sufficiently strong to keep container 214

in a folded p051tlon, but not so Strong'that undue force’

applied by the user ‘would be requ1red to disconnect the

Nwelded endsra~Spot~welded ends _of contalner 210 should

release when tugged gently by the user.

c. 'MethOds;of Processing
andgTreating,Fluid

The method. of proces51ng fluid us1ng dlsposable,
proce551ng set 200 (or 240) "and. treating a b;ologlcal

fluld w1th 11ght 1n, for_example,:light bog 10 will now

beAdescrlbed. Although the followingvdeSCription will be -

provided in -the context of processing the biological

fluid for subsequent inactivation of pathogens in the

blologlcal fluld it’ should bé -understood that many of_

the steps descrlbed below-may also be carrled out 1n'5

other fluid process1ng and treatlng methods that do not .

w1ll be prov1ded us1ng the dlsposable process1ng‘set of
Flg. 15 as an example), although it w1ll be understood S

';that the descrlptlon may also apply to other proce551ng
-sets,' such as the set of Flg 16. '

- In accordance w1th the - method "of. - proce551ng

. blologlcal fluld such as blood u51ng the proce551ng set
'200, a container. of collected blood or blologlcal fluid
-is provided. Although the method of collection is beyond
‘the scope - of ‘the present application, repreSentative
. methods of collecting' blood " produCts include ' the

" automated and manual centrlfugal process1ng,'separat10n

and collection of blood products, membrane separatlon of

blood products and - the like. One"example' of a

centrifugal blood processing system is the AMICUS®

Separator sold. by Baxter Healthcare Corporatlon.

' 1nvolve pathogen 1nact1vatlon.o The follow1ng descrlptlon'”“

Regardless of the collectlon method contalners of

the collected blood product w1ll typlcally bear a label

. ) ,5.
I ¥
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that includes information identifying the donor, the
blood product and lot numbers. Most typically,»such
information is presénted in the form of one or more bar
codes on the label which can be scanned and read by bar
code reader, such as bar code reader 41 of light box 10.

Such -155e15’;may' be remévable and transferable to

’56htainer‘214~ofﬁthe_dispgsab}emprqgessing set 200.

Typically, the collection container will includé a

tubing segment extendlng therefrom. Accordingly, tubing
from the collectlon contalner 201 and tubing segment 203
from the disposable processing set 200 are .brought
together : and Jjoined in a. sterile ~manner, as shown
generally in Fig. 17. A device that is useful for the
the sterlle jOlnder of tublng portlons is avallable from

Terumo Corporation of Japan and sold under the name

Terumo SCD; ThlS dev1ce heat seals two opp051ng tublng'

portlons 1n a sterlle manner. ~The heat from the . heat

seallng kllls any bacterla from the outside env1ronment,lﬁ'

that may enter or resxde Ain’ the tubing segments, thereby

preserv1ng the sterlllty of the entlre processing set.

of course,_ any method and, apparatus for Jjoining two

Once tublng segments have been jOlned franglble‘

member 230a is broken to prov1de an open flow path from
the'coileCtion container 201 to the cdntainer 206 (Fig.
15) . Photochemical:agent'from container 202 is also
allowed to flow‘into container 206. After fluid transfer
to container 206, tubing segment may be ‘seﬁered, and

sealed and the portion of the disposable processing set .

that included container 202 and the collection
container (s) 201 are discarded. Indicator 234a provides
a reference point as to where the tubing is to be
severed. It is preferable that the indicator be placed
as close as possible to the container 206 so that most of
the biological fluid is retained within container 206
where it is most likely to be mixed and treated. '
Before or "~ after placement of the disposable
processing set in tray 90, operator may scan the label
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and other container indicia with bar code reader 41. Batr
codes 222 on the main container label 216 or the
container itself provide the instrument with information
regarding the biological fluid to be treated. Based on
the data, the 1light treating instrument or operator
prescrlbes the 1light dosage and then calculates the

-Quration. of the treatment.

Container 206 of dlsposable process1ng ‘set 200 is
typically placed in first compartment of tray 90. Slit
207 in container 206 is placed over retaining tab 186. in
first compartment 188 and holder 260 with containers
placed therein are placed within the second'eompartment
190 of tray .90. Slits and/or apertures in container 216
are 1ikeWise placed’ over retaining tabs or pegs 193 in
second compartment 190. Tubing cohnecting container 206

with container 210 (and/or 214) may be pressed inté the

slot in wall 192. It is preferable that the tubing be
positioned parrallel to the direction of the side-to-side
oscillation provided by the agitator assembly descrlbed
above. ThlS further ensures that any fluid w1th1n tublng
segment 208 1is also mixed. Indicator '234b not only

serves as ‘a’ ‘reference point- for- severance of the tublng
but also serves as- a -reference p01nt for contalner
placement by ensurlng that substantlally the entlre
contdiner and - blologlcal fluld thereln ‘is within the

- field of light. The 1ndlcator has.-a dlameter greater

than the width of the slot
Oon¥e the \contalners_‘are in- -their respective

compartmexnts of tray 90, fluidlcarryihg drawer 50 is
closed. s set for above, plunger switch 36a (Fig. 4)
is pressed en door 36 is closed. . If déor 36 is open,
plunger switch 36a serves -as an electrical cut off. If,
the door is en, the system will not permit the
treatment to pro

Lith box 10 includes a programmable computer
software-based control system to control the operation of
light box 16. ‘The control system is generally and

diagrammatically depicted in Figs. 19-23. As shown in
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Figures 19-23;~the system tests, monitors and controls
various aspects of the 1light box 10 and treatment
operation such as the start up, container 1loading,
container treatment and ‘container unloading stages of the
5 llght box operatlon. The -control system allows the'
‘ ’operator to take action’ or adv1ses the operator of the
“ treatment ~status-— throughlrelther an_j{ﬂ?hanumerlc or a

graphlcal user 1nterface dlsplayed on screen 37. Thé"‘“f“*fﬁ;
varlous ‘functions may be initiated by the operator L

10 'through control panel or automatlcally by the control
system 1tself. ' . 7

For example as -shown in Flgure 19, after the:

foperator has turned 'on the 1nstrument (step 300), the

control system will 1n1t1ate a serles of steps 1nclud1ng
15 loadlng the software 301, 1n1t1a1121ng the. software 302'5
;and dlsplaylng the graphlcal user 1nterface screen -and

menu 304. The operator nay then select ‘from the series-

of: avallable functions 1nclud1ng the treatment function.

_3064 or. general user functlon 308. Alternatlvely, thep
20 operator may choose to:exit ‘the system 312. -Diagnostic;

checks 310 may also be selected and performed typlcallyf”.v

by a serv1ce technlclan.VT‘W‘ S e s
If the treatment functlon 306 is’. selected the

control system, through, the programmed software w1ll
25 automatlcally determlne 1f treatment is . approprlate and;_
”more-partlcularly,flf the llght box 10" 1s prepared for’
treatment as shown 1n Flg 20A. - Thus, for example[ lf'

the system detects a fallure in the llght source,.or a'
failure in one of the sensors or other equipment, ,

30 'treatment,wlll not be énabled and would not proceed until
the vCOndition- is remedied. If treatment is. enabled
however, thé~system will prompt the operatOr to input his

or her unlque identifier 314 and then request the input

‘of contalner (1.e,,blolog1calvflu1d) 1nformatlonj316.

35 - Container -1nformation may be input'-manually or by
',scannlng bar codes 222 on, for example contalner 214 -

'shown 1n Flg 15. If treatment 1s approprlate the system

L
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proceeds to the next function or phase as generally shown
in Fig. 20B.

As shown in Figure 20B, the control system displays
additional options for the operator to select. For
example, the operator may proceed to treatment of the
container, request treatment.of a seCond container or

" ‘cancel the operation entlrely as shown 1n step 320. If

"Bag 2" option. is selected, the operator ié“ragaiﬁ
requéested to input container information 322 and the
system will repeat the steps generally desc¢ribed above..
If treatment on a single COntainer is to be performed,
the'operator"selects the treat function. 324 which is
generally shown in- Figure 20B. and. described in more
detail below. | - '

After contalners have been placed 1nto tray 90, to
commence treatment the fsystem actlvates’ the llght
soUrce(s) 100 shaker motor 92 and fans as shown in step

328 of Fig. 21. ' The 1nstrument may dlsplay, for

verlflcatlon by the operator, 1nformatlon regardlng the'

.fluid to be treated and the treatment process generally.

For example,‘“ln 'one embodlment ?the. 1nstrument may
dlsplay ., the predetermined target dose .of energy to _be
applled to containers, the selected.treatmentltlme and a’
running value of the dosaqe peroent being applied to the
biological fluid during the treatment as shown in 330.

Treatment will continue unless'terminated by the_operator

dorlautomatically terminated'by the instrument in response

. to an alarm condition.

In one embodiment, container may be marked by
markers 76 at the beginning of treatment and after
treatment is’® completed. The marks made by marker 76
obliterate or otherWise masks the bar code, making it
nnreadable. Thus, a container with two masked bar codes
224 indicates that treatment. has ' been sucéessfully
completed. On the other hand, if only one of the bar
codes 224 has been masked, this'serves as an indication
that treatment was not successfully completed and the

container may have to be discarded. Masking of bar codes
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224 by markers 76 also ensures that a treated container

"will not be treated again.

During tréatment, the system performs 'an energy
calculation 332 which is computed by multiplying the

llght : 1ntens1ty sensor readings' by preselected

callbratlon factors,'ayeraging’the"readings acrOSS the

sensors 1n”the“same~chamber and plane and addlng ‘the

e

readlng recelved for planes in .the same chamber.-yﬁ%EA

control system further verlfles the treatment status 334.
If treatment is completed the system will automatlcally
turn off lamps 100 as shown in 336.

The system may automatlcally update information on

the. 1amp llfe as ‘shown. in 337 and update container.

‘records’ 338. Control system may contlnue to power shakerh

motor' 92 untll term1nated.~ag,The 'results 'may be

transmltted to a central computer 502 (Flg. 14)'f After'

-treatment, the system w1ll prompt the operator to unload

'contalners 342 and may prompt the user to perform another”

treatment if desired, as shown in 325 .in Flg 20B.- The”"

process may be repeated as generally descrlbed above.,

vp Treatment time and energy dosage will vary dependlng

P

on ‘the blologlcal fluld to be‘treated.~%For example, the,y

treatment t1me may be at least one mlnute but may also be

)
less than one mlnute. Where llght box 10 1s 'used for the"

pathogen 1nact1vation of blologlcal fluld ‘the’ treatment

,may typlcally be anywhere between 1= 30 mlnutes. 'Forj

L

example, .for the-* pathogen 1nact1vatlon of blood

platelets, treatment is typlcally between 1-10 mlnutes
but more typlcally approx1mately 324 mlnutes.: For the
pathogen inactivation of blood plasma, treatment may also
preferably be apprOXimately'3-4 minutes.

. Energqgy per'unit area, or energy'flux,'is thetproduct

of power per uhit. area or, in the case of radlant flux,
at the target and the time of exposure. Accordlngly,

the amouht of energy per unit area delivered to ‘the_’

target (for example, in one embodlment the blologlcal
fluid) will vary with the duratlon of exposure and the
irradiance -- the radlant power per un;t area incident on

sy
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the target. In one embodlment the total radlant enerqgy
flux delivered may be between approx1mately 1-100 J/cm?
measured across a wavelength range of between
approximately 400-700 nm. In anotherbembodiment, where
the . 1light source provides 1light generally in the
ultrayiolet‘hrange,' the -total: radlant. energy flux

“dellvered “to--the- blologlcal fluld may preferably ‘be

between 1=20 Joules/cm2 measured across a wayelength‘

range of ‘between approx1mately 320~ 400 nm._, In: one

;spe01f1c embodlment the .total radiant energy flux

dellvered to blood platelets or blood plasma may be
between approximately ‘1=5 - ‘J/cm?® and more typlcally
‘approx1mately 3=4 J/cm2 measured across -a Wayelength
range of between approx1mately 320 400 nm. Preferably,
the energy should not be outside the predetermlned range
1n that excess heat generated within fluid. treatment

‘chamber 40 is to be av01ded. For ‘light treatment of
blood" platelets and blood plasma, for example,'

temperature w1th1n chamber 40 should typlcally not’ exceed

_37°C.~_.If an external temperature sensor of. the type

;descrlbed above 1s used “the” amblent temperature should

H

‘be' between 18°-30°c.711ﬁ“f:“4 ¥~?-?%«V'#r SEEH o
Durlng treatment tray 90 is preferably agltated at

a preset frequencyfv of" course, the frequency should not

be SO great "so- as- to. . harm» the . blologlcal fluid or
‘components thereof.yy Typlcally,' the “tray . 90 may be
agitated between approx1mately 50 100 cycles/mln and- for

blood platelets,,more preferably, between approx1mate1y
55-80 cycles/per minute. A cycle is defined as one
complete back and forth:oscillation of drawer 80.

Once_ treatment has been successfully completed,

fluid from contalner 206 may be transferred. to contalner

210 by breaklng franglble number 230b and opening the

" flow path between the containers'zoé'andbblO'(Fig. 15).
- Once ‘inside 'container' 210, the biological ~fluid is

allowed to contact the adsorbent material for a sélected

period of time: As noted ,above,"in- one- embodiment,

container 210 may also_include'timedsensitive'tabs 209

b et
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which change color over time. This way, the operator
will know if the’ container has been in contact with the
adsorbent material for the approprlate perlod of time.
The adsorbent material is selected to remove any residual
photOChemical ‘agent ‘or | any by products of the
photochemical process that may ‘have been 1ncluded in the

blologlcal“fluldm~~The adsorbent ~material may 1nclude
polystyrene "beads or activated charcoaf‘ or other
adsorbent material.- Such materlals ‘are described in
greater detail in Internat;onal Publication No: Wwo
96/40857, incorporated by reference herein. ‘
' Alternatively, in. the disposable'processing set 240
shomn in'Fiq.'iG" the blologlcal fluld may 51mply pass—t

thrbugh. container 246 w1thout re51d1ng for,; any f

s1gn1flcant tlme w1th1n the contalner.; The detailsbof
the removal process and materlals used are. descrlbed ‘in
the . above—ldentlfled 'Internatlonal' Publlcatlon” No.
WO96/40857. | . B '
The res1dence tlme, if'any;» of the biologicai{fluid :
in contalner 210 (or 246) w111 be anywhere betweeén .
approx1mately 30 seconds and 7 days. In addltlon durlng

contact of the ‘blologlcal flﬁid w1th the vadsorbentnjAT

materlal of . contalner 210, it may be. de51rable to shake
or otherw1se agltate container 210 to ensure max1mum
contact w1th the adsorbent materlal. ) '
Regardless of which dlsposable set is’ used after
the requ1red_res1dence time, if any, therblolog;cal fluid :
may. be tranSferred to “COntainer 214 (or 248‘in‘Fig 16)r
by breaklng franglble member 230C where it may ‘be stored
prlor to transfus1on to a recipient. Label 216 (or 249)
applled .to storage contalner 214° (or 248) mnow. carries
1dent1fy1ng 1nformat10n regardlng the donor -and the
.fluid. Masked bar codes 224 (or 251) indicate’ successful'
treatment of ‘the- blologlcal fluid and that no addltlonal
treatment is, requlred.' The contalner may be severed and.
, sealed from “the remalnlng portlon of the dlsposable-

proceSSLng set as generally descrlbed above.
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In addition to the treatment function generally
described above, the cOntrol' system may prompt the
operator to perform other functlons such as the

. maintenance function 336 Wthh may ‘include prlntlng a

malntenance log 338 resettlng lamp hours 340 resettlng
bag marker count 342 ‘The operator may also.. select a
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system settlngs functlon¢343 whlch allows the operator to

e T U

set’ dates, tlmes,,languages 3414, 346 348. ‘Flnally, “the~
control system may allow the operator to perform certaln
contalner management functlons such. as transmlttlng or
prlntlng contalner records or- overwrltlng ‘contalner
records 350 352 354 as generally deplcted in Fig. 22.

Alternatlvely,, the dlagnostlcs function shown 1n
general 1n Flgure 53 may be selected Selectlng the
dlagnostlcs functlon allows the 1nstrument to perform’
system tests 356 dev1ce tests 358 or. prov1des the

operator w1th a settlngs menu 360 to select (or change)

"system 1dent1f1catlon settlngs, temperature parameters,.

shaker parameters,, - lamp parameters, radiometer.
parameters, lamp factors and-light as generally'depictedf
injEig.A23.r o -

the embodlments and methods descrlbed hereln are p0551ble‘

in . accordance with the scope of the- present 1nventlon

which are set forth in: the appended clalms.
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